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Method details {#sec0001}
==============

The methodology presented here allows performing and evaluating motor and non-motor behavioral alterations, resulting in an integral analysis of the PD model. Six different behavioral tests are described step by step and proposed to execute them sequentially, either in a single time or in a temporal course. To exemplify and validate the behavioral tests and show sensorimotor alterations, two different neurotoxins were used to generate independent parkinsonian rat models. We administered β sitosterol [d]{.smallcaps}- glucoside (BSSG) into the substantia nigra and 6-hidroxydopamine (6-OHDA) into the striatum. BSSG is a neurotoxin found in the plant *Cycas micronesica* [@bib0001], which has been recently used to develop a PD model with construct, face, and predictive validity [@bib0002],[@bib0003]. Meanwhile, 6-OHDA is the most widely used neurotoxin for modeling PD in experimental animals [@bib0004],[@bib0005].

It should be emphasized that the behavioral tests validated here by using BSSG and 6-OHDA, are also suitable for parkinsonian rodent models induced by other neurotoxins such as rotenone [@bib0006], lipopolysaccharide (LPS) [@bib0007], and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) [@bib0008]. Also for other pathological entities, in which movement disorders occur, such as the following: amyotrophic lateral sclerosis [@bib0009], Huntington\'s disease [@bib0010], cerebral stroke [@bib0011],[@bib0012], intracerebral hemorrhage [@bib0013], and spinal injury [@bib0012]. The methodology of behavioral tests presented here underwent some modifications to the original protocol.

**Step 1: Unilateral intranigral or striatal injury by stereotaxic administration of a neurotoxin in the rat.**

Materials {#sec0002}
---------

•Adult male *Wistar* rats (210--230 g)•Ketamine•Xylazine•Stereotaxic apparatus•Dimethylsulfoxide (DMSO)•BSSG•6-OHDA•Phosphate-buffered saline solution (PBS)•Ascorbic acid•Microperfusion pump•Silk 00•Oxytetracycline and polymyxin B•Evans blue dye•95% of ethanol

Ethical statements {#sec0003}
------------------

The experiments were approved by the Institutional Committee for the Care and Use of Laboratory Animals of the Center for Research and Advanced Studies of the National Polytechnic Institute (CINVESTAV-IPN) and regulated under the Official Mexican Standard NOM-062-ZOO-1999. Adult male *Wistar* rats (210--230 g) were obtained from the Laboratory of Animal Production and Experimentation Unit of CINVESTAV-IPN (Protocol 162--15).

Procedure {#sec0004}
---------

1.Animals were anesthetized with a mixture of 100 mg/kg ketamine and 10 mg/kg xylazine injected intraperitoneally.2.They were placed on a stereotaxic frame (Stoelting; Wood Dale, IL, USA), and the skull was trepanned with the following coordinates for BSSG administration in the left substantia nigra pars compacta (SNpc): anteroposterior (AP), +2.1 mm from interaural midpoint; medial-lateral (ML), +2.0 mm from interparietal suture; and dorsal-ventral (DV), −6.8 mm from dura mater [@bib0003],[@bib0014]. The coordinates for 6-OHDA administration in the left striatum were: AP, +7.7 mm; ML, +4.0 mm; and DV, −5.4 [@bib0015].**Note:** It is important that the dura mater is broken for the correct neurotoxin diffusion. It can be done with the tip of a hypodermic needle.3.BSSG (Daucosterol; MedChemExpress) was administered at a concentration of 6 µg/µl DMSO (Sigma- Aldrich; St. Louis, MO, USA), or only 1 µl of DMSO (mock group). The concentration of 6-OHDA (Sigma- Aldrich; St. Louis, MO, USA) was 20 µg free base in 3 µL of PBS containing 0.2% ascorbic acid (Sigma-Aldrich; St. Louis, MO, USA). These neurotoxins were independently injected using a microperfusion pump (Stoelting; Wood Dale, IL, USA) to maintain a flow rate of 0.13 µL/min.**Note:** We recommend using a blunt 20-gauge dental needle, so that the diffusion of the neurotoxin remains in a radial direction, conversely to the bevel orientation. Once the infusion is finished, wait between 5 and 10 min to allow the complete and appropriate neurotoxin diffusion.4.The wound was sutured with silk 00 and treated with a mixture of oxytetracycline and polymyxin B (Pfizer; Toluca, Mexico) to prevent infections.**Note:** Before performing stereotaxic surgeries, it is a good practice to verify the coordinates and the lesion site by dye-staining, i.e., by injecting Evans blue dye (Sigma-Aldrich; St. Louis, MO, USA) in 95% of ethanol.

**Step 2: Behavioral tests of parkinsonian rodents**

Depending on the neurotoxin, the behavioral tests begin when the dopaminergic lesion of the nigrostriatal system elicits measurable motor behavior impairments. For example; the effect of BSSG can be evaluated from day 15 after the lesion [@bib0003] and that of 6-OHDA from 2 to 3 weeks post-lesion [@bib0004].

Rodents can be housed individually or in groups; however, once defined the scheme, it should be maintained to avoid behavior changes. Since rodents are social animals, single housing may affect the results in several behavioral tests validated herein. Undesirable effects from isolation are anxiety-like behavior, changes in neurochemical functions, and hyperactivity [@bib0016]. On this basis, it is preferable to use group housing. Also, rodents should be daily handled for a few minutes for habituation purposes (at least 5 days before the behavioral tests), since stress can modify the results.

In all behavioral tests, between each evaluation, the devices and surfaces must be cleaned with 30% ethanol. In the forced swimming test, the water should be changed after each evaluation to discard the influence of odors, substances and temperature.

The six behavioral tests can be performed over the course of a week. Moreover, to prevent animals from stressing and behavioral interference between one test and another, it is recommended the following sequence:Day 1: Open field test.Day 2: Vibrissae test. Olfactory asymmetry pre-test.Day 3: Olfactory asymmetry test.Day 4: Uncoordinated gait test.Day 5: Cylinder test.Day 6: Forced swim pre-test.Day 7: Forced swim test.

On days 2 and 3, a training will be required for the uncoordinated gait test, which will be evaluated on day 4. This training should be conducted 2 h before the evaluation of the indicated tests on those days. On day 6 and 7, do not perform any other behavioral tests, since water stresses animals.

**Note:** If it is intended to conduct a behavioral assessment in a temporal course, tests must be performed with at least 45 days inter-trial to avoid habituation to the next test, since animals generally become accustomed to their environment. If it is not possible to wait for that period, it is recommendable to use a new group of animals for each time point.

**Step 2.1: Open field test (day 1)**

Materials {#sec0005}
---------

•Open field: The material of the box can be plastic, metal, or wood, that could be easily cleaned and sterilized. The recommended characteristics for the box include a square box of 60 cm width and 30 cm high per wall ([Fig. 1](#fig0001){ref-type="fig"}) for both, rats and mice.Fig. 1Properties of the open field box. It is a square wooden box, with the following dimensions: 60 cm wide, 60 cm long and 30 cm high.Fig 1•Method for acquiring the data: It can be done manually or by computerized tracking software. Our evaluation was done through the Videomex-V automated system.•Alternative video camera.•Timer: This may be tracked by the apparatus/software or by a separate handheld timer.•Material for clean-up: It usually includes a dumpster and paper towels to clean urine and feces.•Disinfectant: We recommend using alcohol between 10% and 50% for general cleaning.

Procedure {#sec0006}
---------

1.Move the rodents to the test room at least 1 h before the test, to allow animals to acclimatize to the experimental room.**Note:** A room isolated from sound and involuntary interruptions should be used. If there is vulnerability to this, white noise can be used. Also, we advise using a dim light in the room, since a bright white light tends to decrease locomotion.2.Turn on the apparatus or software.**Note:** It is advisable to record each session to allow re-evaluation of results, if necessary.3.Before placing the animal into the box, clean it to remove any residual odor.4.Place the rodent next to a wall for the intended time.**Note:** Placing the rodent in the center of the box can subject it to an immediate stress situation.The evaluation time can vary; generally, it is 5 min to 1 h. We evaluated the locomotor activity during 9 min and observed that the first 3 min embrace the exploratory activity and the next 6 min allow the identification of locomotor alterations (bradykinesia, Supplementary video 1) in the rodent.5.At the end of the test, remove the animal from the open field and place it in a new cage. Do not join evaluated rodents with those to be assessed, to avoid inducing them stress.6.Clean the box with the disinfectant and wait until it has completely dried, before placing a new rodent.**Note:** In addition to the locomotor activity, the emotional or anxiety state of the animal can be analyzed through the number of fecal pellets made at the end of the test.

The spontaneous locomotor activity (Supplementary video 1) can be analyzed by the open field test when animals are exposed to a new environment [@bib0017],[@bib0018]. The distance traveled (in cm) was measured by an automated system (Videomex-V) for 9 min. This software provides the distance traveled by the rodent, as well as the resting and walking times. Because these three variables are directly proportional to each other and yield the same information, any of them can be used.

**Step 2.2: Vibrissae test (day 2)**

Materials {#sec0007}
---------

•Edge of a table.•Two video cameras mounted on a tripod.•Material for clean-up: A dumpster and paper towels to clean urine and fecal pellets.•Disinfectant: Alcohol between 10% and 50% for surfaces cleaning.•A new cage.

Procedure {#sec0008}
---------

1.Transfer the animals to the room where the behavioral test will be conducted at least 1 h before the test, to allow the animals to acclimatize.**Note:** A room isolated from sound and involuntary interruptions is recommended, and if necessary, white noise.2.Clean up the surface with disinfectant before and after each behavioral test.3.Turn on the video cameras and place them alongside and directly above the edge of the table to ensure a sharp and clear scene. The video recording will allow further evaluation and distinction of individual behaviors (Supplementary video 2).4.Animals must be gently held through the torso ([Fig. 2](#fig0002){ref-type="fig"}).Fig. 2Vibrissae test. Panel A) shows the stimulation of the vibrissae against the edge of table (orange arrow). Panel B) shows the ipsilateral forelimb placement reflex (white arrow).Fig 2**Note:** It is essential to firmly hold the rodent torso, avoiding the obstruction of the fore or hind limb of the rodents by the researcher´s hand.5.The vibrissae are stimulated by brushing against the edge of a table ([Fig. 2](#fig0002){ref-type="fig"}a), to elicit an ipsilateral forelimb response that consists in placing the paw on the tabletop ([Fig. 2](#fig0002){ref-type="fig"}b, Supplementary video 2).**Note:** Consider that trials in which the animal struggles, must not be counted.Take into consideration that this test is suitable for ipsilateral evaluation. However, if a bilateral affection exists, both sides should be evaluated.6.After the test, it is usually preferable to place the animal in a new cage, rather than put it back with its cage mates, as the reintroduction of the rodent may modify the behavior of the untested animals.

The response of healthy animals consists of a quick placement of their forelimb on the table surface after vibrissae stimulation. The absence or a decrease in the response displays a deficit of motor behavior (Supplementary video 2), rather than a sensory impairment [@bib0004],[@bib0019]. The number of successful forelimb placements contralateral and ipsilateral to the lesion is counted in a maximum of 10 events.

**Step 2.3: Olfactory asymmetry (days 2 and 3)**

Materials {#sec0009}
---------

•The corridor is a long rectangular box (250 cm long, 8 cm wide and 25 cm high for rat evaluation) of acrylic material. Since this test has not been used in mice, we propose a box of 150 cm long, 4 cm wide and 15 cm high for evaluating them. Any box has a sliding roof with perforations for airflow ([Fig. 3](#fig0003){ref-type="fig"}a) and two parallel compartments (separated by a white acrylic wall; [Fig. 3](#fig0003){ref-type="fig"}b); one of them for habituating animals, and another for behavioral testing ([Fig. 3](#fig0003){ref-type="fig"}a).Fig. 3Corridor properties. A) Top view of a 250-cm long acrylic corridor showing the training compartment (orange arrow) and the test compartment (white arrow) of 8-cm wide each one. B) Lateral-superior view showing the 25-cm high acrylic wall that separates each compartment. On the corridor floor, the plastic caps containing the chocolate pellets (orange arrowhead) can be observed with a separation of 11 cm from each other.Fig 3•Plastic caps (2 cm diameter and 1 cm deep): they were placed along the floor of the testing compartment (fixed with glue), symmetrically aligned at left and right sides. Caps were separated by 11 cm along the corridor ([Fig. 3](#fig0003){ref-type="fig"}b) for rat evaluation, and 5 cm for mice testing.•Chocolate pellets: They are firmly placed within the plastic caps in both compartments of the corridor ([Fig. 3](#fig0003){ref-type="fig"}b).**Note:** Sugar pellets are recommended by other protocols [@bib0020]; however, chocolate pellets are more attractive for rodents.•Two video cameras mounted on their respective tripod.•Timer: registered by a handheld timer or video cameras.•Material for clean-up: Paper towels to clean fecal pellets and urine.•Disinfectant: Alcohol between 10% and 50% for cleaning corridor surfaces.•A new cage.

Procedure {#sec0010}
---------

1.Transfer animals to the behavioral room, at least 1 h before the test, to secure their acclimatization.2.One day before the test, the animals should be exposed to chocolate pellets in the habituation compartment for 10 min to reduce the exploratory behavior.**Note:** Place chocolate pellets at the habituation compartment ends.3.Throughout habituation and testing, maintain at 90% of free-feeding body weight.4.On the next day, repeat the step 1, place again the rodent in the habituation compartment and count 10 min by a handheld timer.5.Before placing the rodent in the testing compartment, turn on the video cameras.**Note:** Place one of the video cameras above the corridor and the other one in the frontal end.6.Subsequently, place the animal in the testing compartment for 5 min.**Note:** In addition to video recording, we recommend registering details of rodent\'s behavior such as numbers of touches with the nose on the chocolate pellet, in a logbook.7.After the behavioral test, place the rodent in a new cage to avoid stressing their non-evaluated cage mates.8.Be sure to disinfect the corridor surfaces between each animal evaluation.

The test concludes after a total of 20 touches with the tip of their nose over the pellet (Supplementary video 3) or after a maximum test time of 5 min [@bib0020],[@bib0021]. The percentage of olfactory asymmetry is evaluated as follows:$${\%\mspace{6mu}\text{of}\mspace{6mu}\text{asymmetry}\mspace{6mu}} = \frac{\text{number}\mspace{6mu}\text{of}\mspace{6mu}\text{contralateral}\mspace{6mu}\text{touches}\mspace{6mu}\text{to}\mspace{6mu}\text{the}\mspace{6mu}\text{lesion}}{{\text{number}\mspace{6mu}\text{of}\mspace{6mu}\text{touches}\mspace{6mu}\text{contralateral}\mspace{6mu}} + {\mspace{6mu}\text{ipsilateral}\mspace{6mu}\text{to}\mspace{6mu}\text{the}\mspace{6mu}\text{lesion}}}{x\mspace{6mu}}100$$

**Step 2.4: Uncoordinated gait test (day 4)**

Materials {#sec0011}
---------

•Two narrow wooden beams for rat evaluations: (1) 1 cm wide and 2 m long, and (2) 2 cm wide and 2 m long ([Fig. 4](#fig0004){ref-type="fig"}).Fig. 4Beam features. The beam is made of wood and is firmly attached to the floor with the following dimensions, 200 cm length, 1 cm wide and a 30° angle.Fig 4**Note:** The beams must be at a 30-degree angle to challenge the rat balance and coordination ([Fig. 4](#fig0004){ref-type="fig"}).•Two narrow wooden beams for mouse evaluations: (1) 30 mm wide and 1 m long, and (2) 10 mm wide and 1 m long.•**Note:** The beams must be placed horizontally at 50 cm from the floor.•Two video cameras mounted on their respective tripod.•Timer: This may be tracked by the video cameras or by a separate handheld timer.•Material for clean-up: Paper towels to clean urine and fecal pellets.•Disinfectant: Alcohol between 10% and 50% for surfaces cleaning.•A new cage.

Procedure {#sec0012}
---------

We standardized this behavioral test for rat evaluation for the first time, since all protocols have been developed for the mouse model [@bib0010],[@bib0022].1.Move the animals to the behavioral room, at least 1 h before the test for acclimatization.**Note:** A room isolated from sound is recommendable, even white noise, if necessary.2.Clean up the beam surface with disinfectant before and after each test.**Note:** The beam must be held firmly attached to the floor to avoid influencing the animal´s balance.3.On the first day of the pre-test, place a new cage with sawdust at the upper end of the beam; then, place the rodent at its lower end (Supplementary video 4).**Note:** Only on this day use the thickest beam (2 cm wide for rats and 30 mm wide for mice).4.Wait until the rodent walks to the upper end of the beam.**Note:** Generally, on this first day, it is complicated for animals to walk through the beam. Impulse the rodent by gently pushing from its hind limbs. For this behavioral test, two people should help to perform it.5.Train the animals again 24 h later, but now using the thinner beam (1 cm wide for rat and 10 mm wide for mice) and repeat steps 1--4.6.On the next day, the final test will be performed on the thinner beam (1 cm wide for rat and 10 mm wide for mice). Be sure to turn on the video cameras and place them beside and in front of the beam.**Note:** A lateral view of the beam adequately allows demonstrating the rodent slips ([Fig. 4](#fig0004){ref-type="fig"}, Supplementary video 4). The precise point/moment to measure the slips or errors per step is when both hind limbs are not properly supported on the beam and slide off (1 cm for rats and 0.5 cm for mice) toward the lateral side of the beam.In addition to the time recorded by the video camera, the walking time should be registered with a handheld timer.

The beam walking test measures the ability of rodents to displace on a narrow beam. This test evaluates the balance and motor coordination during the displacement time (Supplementary video 4), and the number of slips of the hind limbs (Supplementary video 4). Hind limbs undoubtedly provide the most sensitive measure of performance and motor deficits [@bib0010].

**Step 2.5: Cylinder test (day 5)**

Materials {#sec0013}
---------

•An acrylic cylinder of 30 cm high and 20 cm diameter for rat evaluations ([Fig. 5](#fig0005){ref-type="fig"}).Fig. 5Cylinder characteristics to assess locomotor asymmetry in the rat. It is made of acrylic material and has the following dimensions: 30 cm height and 20 cm in diameter.Fig 5•An acrylic cylinder of 15 cm high and 10 cm diameter for mouse evaluations.•A video camera mounted on its tripod.•Material for clean-up: Paper towels to clean urine and fecal pellets.•Disinfectant: Alcohol between 10% and 50% for surfaces cleaning.•A new cage.

Procedure {#sec0014}
---------

1.Animals must remain in the behavioral room at least 1 h before the test.2.Disinfect cylinder surfaces before and after each behavioral test.**Note:** Like the open field test does, the number of fecal pellets evidences the emotional state and level of stress of animals.3.Place and turn on the video camera above the cylinder.4.Place the rodent inside the cylinder and remove it after it makes 20 contacts with its forelimbs on the cylinder walls (Supplementary video 5).

**Note:** Rodents generally make 20 contacts within the first 3 min. However, the time may be longer due to akinesia or bradykinesia, which can be more accurately evaluated by other tests, such as the stepping [@bib0023], the open field and the pole tests [@bib0024].

The cylinder test is appropriate to evaluate locomotor asymmetry [@bib0004],[@bib0015],[@bib0018]. The experimenter should count the first 20 contacts made on the cylinder wall with both, the ipsilateral or contralateral paws to the lesion (Supplementary video 5). The time required to generate this number of observations varies from animal to animal. The percentage of locomotor asymmetry is calculated as follows [@bib0004]:$${\%\mspace{6mu}\text{of}\mspace{6mu}\text{asymmetry}\mspace{6mu}} = \frac{{\text{contacts}\mspace{6mu}\text{of}\mspace{6mu}\text{ipsilateral}\mspace{6mu}\text{forelimb}} + \frac{1}{2}{\mspace{6mu}\text{simultaneous}\mspace{6mu}\text{contacts}}}{\text{ipsilateral} + \text{contralateral} + {\text{simultaneous}\mspace{6mu}\text{contacts}}}{x\mspace{6mu}}100$$

The ipsilateral and contralateral contacts are related to the lesion side. The simultaneous contacts were counted when both forelimbs were on the cylinder wall at the same time, and are halved only to consider the contacts with the ipsilateral forelimb. The divider corresponds to the total number of contacts observed. A value of 50% indicates that an animal symmetrically explores with both forelimbs. Higher scores (\> 50%) indicate less dependence on contralateral forelimb (since it evaluates the injured side), and lower scores (\< 50%) indicate less dependence on the ipsilateral forelimb (since it evaluates the control side).

**Step 2.6: Forced swim test (days 6 and 7)**

Materials {#sec0015}
---------

•Swim cylinders (usually between 1 and 4) of 20 cm diameter and 45 cm high for rats ([Fig. 6](#fig0006){ref-type="fig"}) or 20 cm diameter and 30 cm high for mice.Fig. 6Swim cylinder characteristics. A) The lateral view shows the high of the cylinder (45 cm) and the water depth (30 cm). B) The top view shows the cylinder diameter (20 cm).Fig 6•Mercury thermometer (to check water temperature).•Two video cameras mounted in their respective tripod.•Microfiber towels (to dry animals).•A lamp.

Procedure {#sec0016}
---------

1.On the pre-test day, animals must be transferred to the room where the test will be carried out at least 1 h before, to avoid stress.2.Fill in the swimming cylinders with water at a depth of approximately 30 cm ([Fig. 6](#fig0006){ref-type="fig"}a) for rats and 15 cm for mice.3.The temperature must be between 22--24 °C. Water temperature can be monitored with a mercury thermometer.Note: The range of temperature between 22 and 24 °C is habitual in most laboratories and allows to maintain a constant temperature for water. Lower temperatures could lead to animals' hypothermia, possibly affecting their activity [@bib0025].4.Place animals individually in the swim cylinders for 15 min. After this time, remove rodents from water and dry them as best as possible with microfiber towels. Return them to their cages, providing heat through a lamp.**Note:** If rodents are housed in a group, those subjected to the swim pre-test should not be mixed with unevaluated rodents, since their encounter can cause them stress. Therefore, it is advisable to house the animal temporary (2 h) in a separate cage, and then regroup it according to the experimental condition.5.Water changes between each evaluation must be done, keeping the same depth and temperature, as mentioned above.6.Refill the swim cylinders 24 h after the pre-test, before placing rodents in them. Start the video recording, ensuring the full duration of the test.**Note:** We recommend recording the test directly, above and alongside the swim cylinders. Also, ensure image quality (clarity and sharpness) to allow proper evaluation and distinction of individual behaviors.7.Place the rodents in the swim cylinder for 5 min. After this time has passed, dry animals and put them back in their cages.**Note:** A lateral view of the swim cylinder adequately evidences rodent immobility behavior (Supplementary video 6).

A depressive-like behavior can be measured in rodents when they are exposed to water in a swim cylinder [@bib0025]. In this paradigm, the first reaction is trying to escape by climbing or swimming, but later, they will acquire an immobility behavior (Supplementary video 6). This behavior reflects a failed attempt to escape and deal against the stress [@bib0025],[@bib0026].

Appendix. Supplementary materials {#sec0018}
=================================
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